Background: Vitamin A deficiency (VAD) is endemic in Brazil and health professionals have difficulty in recognizing its subclinical form. In addition, serum retinol concentrations do not always represent vitamin A status in the organism. Objective: To identify VAD in preschool children by the serum 30-day dose-response test ( þ S30DR) and to examine its potential as a tool for the assessment of vitamin A status in the community. Design: A prospective transverse study in which blood samples were obtained from 188 preschool children for the determination of serum retinol concentrations and the children were submitted to ocular inspection and anthropometric measurements. Information about the presence of diarrhea and/or fever during the 15 days preceding the study was also obtained. The children received an oral dose of 200,000 IU vitamin A immediately after the first blood collection. A second blood sample was obtained 30-45 days after supplementation in order to determine the þ S30DR. Results: In all, 74.5% (140/188; 95% confidence interval: 68.3-80.7%) of the children presented þ S30DR values indicative of low hepatic reserves. The mean serum retinol concentration was significantly lower before supplementation (0.92 and 1.65 mmol/l, respectively; Po0.0001). No child presented xerophthalmia; 3.7% (7/188) of the children were malnourished. The presence of fever and/or diarrhea during the 15 days preceding the first blood collection did not affect the þ S30DR value. Conclusions: The prevalence of VAD in the study group was elevated. þ S30DR proved to be a good indicator of subclinical VAD in children from an underdeveloped country. Sponsorship: The study was supported
Introduction
The effects of vitamin A deficiency (VAD) have been known since 1500 BC, when night blindness was correctly diagnosed (Wolf & Phil, 1978) . At the beginning of the past century, the effect of vitamin A deprivation on the organism was already known (Wolbach & Howe, 1925) . Unfortunately, at the beginning of the 21st century this deficiency still represents one of the major avoidable public health problems in the world, being one of the most important components of the high morbidity and mortality rates among children in developing countries (Tomkins, 2000) , also in its subclinical forms (Milton et al, 1987) . Vitamin A deficiency is one of the main avoidable causes of blindness in the world (Underwood & Arthur, 1996; Gilbert & Foster, 2001; Kello & Gilbert, 2003) , especially in underdeveloped countries (Kapil & Bhavna, 2002) . World control of VAD is one of the major challenges for the United Nations Children's Fund (UNICEF) and for the World Health Organization (WHO) (Sommer, 1998) , in addition to numerous international agencies involved in the fight against this component of 'occult hunger'. Current estimates indicate the presence of 127 million preschool children with VAD and 4.4 million with xerophthalmia (West Jr., 2002) , most of them living in underdeveloped countries. In addition, the estimate is that 60% of children who develop xerophthalmia will die within 1 year (Underwood, 1998) .
In January 2000, the WHO considered VAD to persist as an important public health problem in Brazil (Goodman et al, 2000) .
Although serum retinol concentrations are most frequently used in the diagnosis of VAD, this indicator may not be correlated with vitamin A stores in the organism (Van den Berg, 1996) . In addition, the presence of fever (Stephensen et al, 1994; Alvarez et al, 1995; Friis et al, 1996; Mitra et al, 1998) and diarrhea (Bloem et al, 1990; Caballero et al, 1996; Akinyinka et al, 2000) , with a consequent elevation of acute phase proteins, cause a reduction in serum retinol concentrations (Thurnham et al, 2002) that can mislead the interpretation of the results (Stephensen, 2000) .
In states of deficiency there is a relative excess of retinol binding protein (RBP) in the liver, which may enter the circulation as holo-RBP after the administration of a vitamin A dose (Loerch et al, 1979) . This phenomenon, initially observed in rats, was later confirmed in humans (Muto et al, 1972; Amédée-Manesme et al, 1984; Flores et al, 1984; Amédée-Manesme et al, 1987) . Considered to be the 'gold standard' for the indirect assessment of hepatic stores of vitamin A, the relative dose-response (RDR) test is based on this particularity of vitamin A metabolism. This indicator, however, has some practical disadvantages such as the need to withdraw two blood samples and to supervise the children over a period of 5 h.
The serum 30-day dose-response test ( þ S30DR) is based on the same principle as the RDR, that is, the fact that after vitamin A administration only children with low vitamin A reserves will respond with a significant increase in retinol concentrations in relation to presupplementation concentrations. In the þ S30DR the dose employed (200 000 IU vitamin A) and the time for the determination of serum retinol concentrations after supplementation (30-45 days) are different, representing -especially with respect to this last characteristic -practical advantages compared to the RDR (World Health Organization, 1996) .
Thus, since preliminary studies on the local community (Ribeirão Preto, Brazil) showed that 21.4% of infants considered to be 'healthy' presented concentrations of circulating retinol below 0.70 mmol/l (Ferraz et al, 2000) , we raised the hypothesis that considerable rates of VAD could be present in the preschoolers children from the same community. Considering the þ S30DR is a easy test to be executed at local level, we applied it to children aged 24-72 months in order to identify the presence of VAD.
Subjects and methods
Subjects and study design A total of 193 children aged 24-71 months and 29 days, who were regularly seen at a public pediatric outpatient clinic at the periphery of Ribeirão Preto (SP, Brazil), were selected for the study, after written parental consent. Between September 1999 and September 2000, all children in the age range of 24-71 months and 29 days who were seen at this pediatrics outpatient clinic (which serves a peripheral area in Ribeirão Preto, Brazil, with a population of 35 000) for systematic examination were invited to participate in the study. In principle, they had no serious diseases. Only two parents did not permit their children to participate in the study. The children presenting with fever or diarrhea at the time of the first blood collection for the determination of presupplementation serum retinol were invited to return 30 days later. However, when a child failed to appear for the second blood collection (determination of postsupplementation serum retinol) he/she was excluded from the study. In contrast, the presence of fever and/or diarrhea during the interval between the two collections did not exclude the child from the study.
The mean per capita income of these children's families was approximately US$ 120.00 per month (range: US$8-1130/month; median: US$ 86/month; per capita income for Brazil in 2001: US$221/month), which allowed them to have a proper nutritional intake. All children usually had easy access to health services and completed vaccination coverage. Most of these children lived in brick houses with a proper water supply, sewage and electricity.
The children were asked to come to the unit after a 6-8 h fast, when the first blood sample was obtained by venipuncture for retinol determination (T 0 ). After blood collection the children were offered breakfast and received an oral 200 000 IU dose of vitamin A in the form of an aqueous solution of retinyl palmitate (Arovit sProdutos Roche Químicos and Farmacêuticos, Rio de Janeiro, Brazil).
The height and weight of the children were measured when they entered the study and the data were used to obtain the weight-for-age (wt/a), weight-for-height (wt/ht), and height-for-age (ht/a) Z-scores and compared with National Center for Health Statistics standards (WHO-World Health Organization, 1995) .
In order to determine the influence of previous infections on presupplementation serum retinol levels, we asked the parents about the occurrence of measured fever (axillary temperature 437.01C) and/or diarrhea (three or more loose stools or any number of loose stools containing visible blood in a 24-h period; Baqui et al, 1991) during a period of 15 days preceding admission to the study. Ocular inspection was performed by a duly trained pediatrician (I.S.F.) for the detection of the possible presence of xerophthalmia (conjunctival and corneal xerosis, Bitot's spots, corneal ulceration/keratomalacia and corneal scars) at the time of the first blood collection. A new blood sample was obtained within 30-45 days, also after an overnight fast, for the determination of postsupplementation serum retinol (T 1 ).
A þ S30DR ! 20% was considered to be indicative of VAD; according to the formula; þS30DR ¼ ½ðT 1 À T 0 Þ=T 1 Â100 ðWHO; 1996Þ
The blood samples were collected into Vacutainer s tubes without anticoagulant and carried to the laboratory with proper precautions to prevent deterioration by exposure to air, light or heat. After separation by centrifugation, serum was frozen at À201C until the time for analysis by HPLC. A model LC9 Shimadzu s (Japan) apparatus with a 25 Â 0.46 cm C18 column (OD5), calibrated for retinol measurement at 325 nm wavelength was used. The flow of the mobile phase was fixed at 2 ml/min. All-trans-retinol was used as the external standard (Sigma s Chemical Co., St Louis, MO, USA). The detection limit of the method was 0.016 mmol/l (Arnaud et al, 1991) .
The study was approved by the Research Ethics Committee of the University Hospital, School of Medicine of Ribeirão Preto, University of São Paulo and written parental consent was obtained.
Statistical analysis
Mean serum retinol concentrations before and after supplementation were compared by the paired Student's t-test. The effect of fever and/or diarrhea on serum retinol (I 0 ) was assessed by the Student's t-test. We used the w 2 -test to study the differences in the proportion of children with and without VAD between sexes, as well as the differences in proportions between the various age ranges. The relationship between presupplementation concentration and þ S30DR was determined by simple linear regression. The level of significance was set at 0.05 (5%) in all analyses.
Results
Most of the children (74.5%, 140/188; 95% confidence interval: 68.3-80.7%) presented a response to þ S30DR indicative of low hepatic reserves. Five children were excluded from the analysis (four did not return for the second blood collection and one developed nephrotic syndrome between collections). None of the children presented xerophthalmia.
If we adopted a serum retinol concentration of 0.70 mmol/l -proposed as the cutoff value to classify children as having VAD (de Pee & Dary, 2002) -we would have a 32.4% proportion (61/188) of children with VAD. Of the total number of children studied, 55.9% (105/188) were boys and 44.1% (83/188) were girls. The difference in the proportion of children with VAD between sexes was not significant: 78.1% (82/105) among boys and 69.9% (58/83; P ¼ 0.20) among girls. Even when the data were divided according to age range, we did not detect significant differences in the proportions of children with and without VAD (P ¼ 0.44), as shown in Table 1 .
A negative correlation between þ S30DR and basal circulating retinol concentrations was observed (r ¼ 0.69; Po0.01; Figure 1 ). The estimated straight line -with an intercept of 81.9 and an angular coefficient of 46.2 -is expressed as: þ S30DR ¼ 81.89À(46.20 Â pre-supplementation retinol concentration).
Mean pre-and post-supplementation retinol concentrations were 0.92 and 1.65 mmol/l, respectively, indicating significant differences in population means (Po0.0001). The frequency distribution of pre-and post-supplementation concentrations showed a clear rightward shift for serum retinol concentrations after supplementation (Figure 2) .
Although a large proportion of children had fever and/or diarrhea (31.9%-60/188) within the previous 15 days, these conditions did not cause significant differences in the presupplementation values of circulating retinol (Table 2) .
Only 3.7% (7/188) of them were malnourished: three children presented the wt/ht ratio oÀ2 Z-scores compared to the NHCS reference value, two presented wt/a ratio oÀ2 Z-score, one child had the ht/a and wt/a ratios o À2 Zscores, and one child the wt/ht and wt/a ratios oÀ2 Z-scores.
Discussion
The observation of a high prevalence of VAD among children without xerophthalmia and with a low proportion of Vitamin A deficiency in preschool children IS Ferraz et al malnutrition was an important finding of the present study. Subclinical VAD in apparently well-nourished children has been previously reported (Pacheco-Santos et al, 1983; Tarwotjo et al, 1983; Donnen et al, 1996; Ferraz et al, 2000; Castejó n et al, 2001 ). This condition represents one of the great current nutritional problems, that is, occult hunger. The causes of the high prevalence of VAD detected in this population have not yet been studied. The most probably hypothesis is that children at this age in this community ingest a low amount of vitamin A-rich foods as frequently observed in developing countries (Miller et al, 2002) . Moreover, the high prevalence of diarrhea and infection observed in this population could also contribute to the VAD.
Regardless of the 'cut-off' used to obtain the prevalence of VAD in the population studied ( þ S30DR or serum retinol concentration o0.70 mmol/l), we are facing proportions much higher than that defined as the criterion for defining the question as a public health problem in the population studied (de Pee & Dary, 2002) . Another source of concern is that all cases observed were subclinical, impairing their detection by the health team. Dissemination of information about the problem in the media and the training of health professionals so that they will recognize the problem and be able to instruct the parents about a balanced diet containing foods rich in vitamin A, in addition to further studies aiming at the identification of other populations at risk in the community and of the risk factors for the genesis of this nutritional deficiency are measures that could be adopted to fight VAD in the population in question. In addition, periodic vitamin A supplementation allied to vaccination campaigns could be adopted as an emergency policy in the fight against VAD, as already done in some countries (Goodman et al, 2000) .
However, some doubts may persist about the discrepancy in prevalence observed. Some factors inherent in the method indicate that the prevalence of VAD observed by the þ S30DR was closer to the real one. First of all, the þ S30DR s based on particularities of vitamin A metabolism, that is, the fact that only deficient children should significantly respond to the administration of the vitamin. It can be seen that very probably there was a high prevalence of VAD in the population since after supplementation only 3.2% (6/188) of the children presented serum concentrations o0.70 mmol/l. In addition, there was a significant difference between mean pre-and post-retinol supplementation concentrations, as well as a 'rightward shift', also significant, of the frequency distribution of serum retinol before and after supplementation.
High concentrations of retinol were not observed after supplementation. In our study the value corresponding to the 95th percentile was 3.05 mmol/l, a value quite close to the maximum serum concentrations of children with adequate hepatic stores of vitamin, as reported in some other studies (Flores et al, 1991; Drott et al, 1993) .
The presence of fever and/or diarrhea, used as indicators of infection, did not reduce significantly the presupplementation serum retinol concentrations thus causing no alterations in the final þ S30DR result.
Since in populations with an adequate vitamin A status, most serum concentrations are above 1.05 mmol/l (Olmedilla et al, 2001) , some authors recommend this concentration as the cutoff point (Ballew et al, 2001) . Thus, if we used this concentration, we would consider 63.8% (120/188) of the children to have VAD, a concentration closer to that found with þ S30DR, with sensitivity, specificity and positive predictive value of 90, 53 and 77%, respectively. In contrast, by using the value of 0.70 mmol/l as reference, þ S30DR would have 100% sensitivity, but its specificity and positive predictive value would fall to 38% and 44%, respectively. Compared to RDR, þ S30DR showed 88% sensitivity and 70% specificity (Flores, 1993) .
Since some children with high presupplementation serum retinol levels still presented more than 20% elevation in their basal levels of vitamin A and since the specificity of the test may not be considered 'adequate', we carried out an analysis using the receiver operating characteristic (ROC) curve. We observed that if we adopted a cutoff point of 45% for þ S30DR in our population, sensitivity and specificity would both be 80% (using the serum level of 0.70 mmol/l as reference). Thus, the prevalence of VAD detected would be 44.7% (84/188; 95% confidence interval: 37.6-51.8%); only nine children with serum levels 41.05 mmol/l would still respond to vitamin A supplementation and five of these would have serum retinol levels r1.17 mmol/l. On this basis, we suggest that the increase in the cut-off point for þ S30DR may improve its specificity, with further studies being necessary to confirm this possibility. The highest presupplementation serum retinol value below which all þ S30DR values were positive was 0.72 mmol/l. Among the 32 children with basal concentrations 41.05 mmol/l who responded to supplementation, 28 (87.5%) had serum concentrations o1.35 mmol/l. In a comparison with other 'dose-response' tests, during a study on Indian children of both sexes aged 1-5 y, Raghuramulu et al (1998) observed that RDR was positive for concentrations o0.35 mmol/l and negative (or normal) for concentrations 40.70 mmol/l; however, for concentrations between 0.35 and 0.70 mmol/l RDR showed variable results. Tanumihardjo et al (1990) , in a study of 53 Indonesian children aged 0.6-4.8 y, detected a significant association of modified relative dose-response (MRDR) values between retinol concentrations o0.35 mmol/l (results compatible with VAD) and 41.40 mmol/l (results not compatible with VAD); however, no association with retinol concentrations was observed between these two values.
Thus, by involving supplementation, þ S30DR appears to be a useful test for the assessment of vitamin A status in communities, being simultaneously diagnostic and therapeutic.
In conclusion, elevated proportions of VAD in its subclinical form were observed in the study population, showing the need for further studies in order to determine the genesis and exact dimension of this nutritional deficiency. The þ S30DR proved to be a good test of relatively easy application for the detection of VAD in populations and an increase of the cutoff point may perhaps improve the specificity of þ S30DR. Finally, an oral dose of 200 000 IU retinyl palmitate favorably changed the vitamin A status of the study population.
